Objectives: Octabromodiphenyl ether (OctaBDE) is a flame retardant which has been withdrawn from common use due to its negative effect on the environment. The literature data regarding its toxicity addresses its effect on liver function, the endocrine and reproductive systems, as well as its developmental toxicology aspects. The aim of this study was to investigate the effect of repeated administration of OctaBDE on heme biosynthesis in rats. Materials and Methods: The study was performed on female Wistar rats. OctaBDE was administered intragastrically at four different doses (2, 8, 40 or 200 mg/kg/day) for 7, 14, 21 or 28 days. The following measures of heme synthesis disturbance were used: urinary excretion of porphyrins, liver concentration of porphyrins, the activity of delta-aminolevulinate synthase (ALA-S) and delta-aminolevulinate dehydratase (ALA-D) in the liver. Results: After 28 days of exposure, lower ALA-S and ALA-D activity was observed in the liver. Additionally, increased concentrations of high carboxylated porphyrins (octa-and heptacarboxyporphyrins) were found in the liver: from 2-to 10-fold after the 2 mg/kg/day doses and from 4-to 14-fold after the 8-200 mg/kg/day doses. The porphyrogenic effect of OctaBDE was also evidenced by augmented, dose-dependent and exposure time-dependent, concentrations of total porphyrins in urine (2-7.5-fold increase) and their urinary excretion (2-9-fold increase). Tetracarboxyporphyrins predominated in the urine; their concentrations increased 2.5-10 fold. Conclusions: The study revealed that repeated exposure to OctaBDE affects heme biosynthesis and the levels of porphyrins. The lowest effective level which induced changes in porphyrin concentration was 2 mg/kg/day.
INTRODUCTION
Octabromodiphenyl ether (OctaBDE) is a compound that for many years was commonly used as a flame retardant. From among three of popular polybromodiphenyl ethers (PBDEs) (penta-, octa-and decabromodiphenyl ethers) approximately 15% was represented by OctaBDE.
In the early 1990's, worldwide production of OctaBDE reached 6000 tonnes/year but by 1999, it fell to about 1800 tonnes, 450 tonnes being produced in the European Union. OctaBDE has been used in combination with antimony trioxide as a flame retardant in the housings of electric and electronic equipment, mainly in plastic such as arylonitrile butadiene styrene (ABS), but also in high impact polystyrene (HIPS), polybutylene terephthalate (PBT) and polyamides. Typically, 12-15% of the weight of the final product will consist of OctaBDE toxic effects from studies concerning the administration of OctaBDE [1, 10, [17] [18] [19] [20] . From the literature, it is known that many brominated flame retardants (polybrominated biphenyls (PBB), HBB and TBBP-A) disturb the transformations of porphyrins [21] [22] [23] [24] . Among the PBDEs, a porphyrogenic effect was also observed after repeated administration of PentaBDE [1, 25, 26] . However, information concerning any similar effects of OctaBDE was not found. The aim of this study was to investigate the porphyrogenic effect of OctaBDE after repeated intragastrical administration of the compound to rats. This effect was evaluated by measuring the activity of two enzymes from the heme synthesis pathway in the liver, ALA-S and ALA-D, as well as the concentrations of porphyrins with varying degrees of carboxylation in rat liver and urine. The daily excretion and content of particular porphyrins in urine was also analyzed. Moreover, the multidirectional toxic effect of PBDEs causes that it seems reasonable to search for new, more sensitive biomarkers evaluating the effects of OctaBDE.
MATERIAL AND METHODS

Animals
Female Wistar rats of 190-230 g body weight from the breeding colony of the Medical University of Łódź were used in the experiment. The animals were fed a standard pelletized "Murigran" diet, with tap water accessible ad libitum. The rats were divided into groups of 4-5 animals each.
Chemical
The administered OctaBDE was a mixture of polybrominated ethers: octa-(65.7%); hepta-(14.8%); hexa-(1.7%); nona-and deca-(17.8%, trace amount). This mixture was synthesized by the Department of Radiation Chemistry of the Technical University of Łódź. the use and production of this compound was banned in 2004 [2, 3] . OctaBDE could be found throughout the environment, from bottom sediments and sewage sludge to the tissues of aquatic animals. The concentrations of OctaBDE in those locations were, however, lower than the concentrations of the remaining ethers: PentaBDE and DecaBDE [1, 4, 5] . Based on its octanol-water partition coefficients (Log Kow = 8.35-8.9) octabromodiphenyl ether could be expected to be bioaccumulative. However, experimental results indicate that the OctaBDE does not bioconcentrate, possibly due to its large particle size preventing it crossing cell walls [1] . Human exposure to OctaBDE is mainly associated with its intake with food, and it has been found in milk, seafood and fish [1, 6] . Some congeners of OctaBDE have been found in the serum, adipose tissue and in breast milk of women [1, [7] [8] [9] [10] . However, occupational exposure, such as inhalation during the use and dismantling of electric and electronic appliances, during the use of computer hardware, and environmental exposure through indoor air and dust can be an additional source of human exposure to OctaBDE [9, [11] [12] [13] [14] [15] [16] . Brominated flame retardants are characterized by low acute toxicity. The median lethal dose (LD 50 ) of these compounds after intragastrical administration to rats considerably exceeded 5000 mg/kg of body weight, implying that hexabromobenzene (HBB), tetrabromobisphenol-A (TBBP-A), PentaBDE (pentabromodiphenyl ether) and OctaBDE should not be classified as toxic substances. However, toxic effects have been seen to occur after changing the type of exposure, such as that occurring with lower doses and longer exposure times. Studies in this area so far have focussed on the effect of repeated administration of polybrominated diphenyl ethers on thyroid gland disorders, functional changes in the liver and immunotoxicity, as well as the effect on reproductive system and developmental toxicity. Less information are accessible about these
